ABSTRACT. Rhodiola alsia, which has been used widely in traditional Chinese medicine for a considerable time, grows on moist habitats at high altitude near the snow line. Microsatellite loci were developed for R. alsia to investigate its population genetics. In total, 17 polymorphic microsatellites were developed based on ESTs from the Illumina HiSeq TM 2000 platform. The microsatellite loci were checked for variability using 80 individuals of R. alsia sampled from four locations on the Qinghai-Tibet Plateau. The total number of alleles per locus ranged from 10 to 20, and the observed heterozygosity ranged from 0.000 to 1.000. The null allele frequency ranged from 0.000 to 0.324. These microsatellites are expected to be helpful in future studies of population genetics in R. alsia and related species.
INTRODUCTION
The Qinghai-Tibet Plateau (QTP) is an important biodiversity hub for studies of evolution and speciation. Despite its importance, however, relatively little is known about its flora. To date, most molecular studies of QTP flora have used plastid DNAs and only a few have employed nuclear DNA markers (Liu et al., 2012) . The insights that such studies provide into the genetic diversity and evolutionary history of species are of value in exploring the relationships between evolutionary and demographic histories (Avise et al., 1987) . Rhodiola L. (Crassulaceae) consists of about 90 species, of which 20 are used in traditional Chinese medicine. Their therapeutic activities include preventing high altitude sickness and eliminating fatigue (Arora et al., 2005) . Rhodiola alsia is a popular ethno-medicinal herb exclusively endemic to QTP. This species is found on moist habitats near the snow line at high altitude (Wu et al., 2001) . In a previous study, 17 microsatellite markers were developed for 4 species of Rhodiola (You et al., 2013) . However, the markers did not successfully amplify target sequences in R. alsia. In this study, we designed novel SSR (simple sequence repeat) markers for R. alsia based on microsatellite loci of biparentally inherited nuclear DNA. In total, 17 polymorphic SSR markers were isolated and characterized from expressed sequence tag (EST)-based sequences. These SSR markers are different from those developed previously with regard to sequence, repeat motifs and size (You et al., 2013) . The microsatellite markers developed here will provide an efficient tool for population genetic studies and for assessing genetic diversity and spatial genetic structures at a larger scale in R. alsia and its close congeners.
MATERIAL AND METHODS
Eighty R. alsia individuals from four populations [Qingshuihe (18 individuals), Xiewu (21 individuals), Shiqu (18 individuals) and Dingqing (23 individuals)] were used in this study (Table 1) . Fresh leaves were collected and dried using silica gel. Total genomic DNA was extracted using the modified cetyltrimethylammonium bromide method . Microsatellite markers were detected in R. alsia based on EST obtained using an Illumina HiSeq TM 2000 platform (Illumina, San Diego, CA, USA). The SSRs were isolated by Microsatellite (MISA; http://pgrc.ipk-gatersleben.de/misa/) using Unigenes as reference. Only SSR lengths longer than 150 bp upstream and downstream were used. SSR marker parameters were set to identify perfect mono-, di-, tri-, tetra-, penta-, and hexanucleotide motifs with minimum repeats of 12, 6, 5, 5, 4, and 4, respectively. One hundred SSR loci were selected randomly from the identified loci. All the primers were designed by BGI-Shenzhen (Shenzhen, Guangdong, China) using the primer 3-2.3.4 software (http://primer3.sourceforge. net/). These primers were used to identify highly polymorphic loci in the 80 individuals from the four populations. Each polymerase chain reaction (PCR) was carried out using a 20-µL reaction mixture. The PCR master mix contained 2 µL 20-60 ng template DNA, 2 µL 10X PCR buffer, 0.6 µL 2.5 mM dNTPs, 0.5 µL of each primer (100 nM), 0.2 µL Taq polymerase (Takara, Dalian, China) and 14.2 µL ddH 2 O. The following amplification conditions were used: denaturation for 5 min at 94°C; followed by 35 cycles of 45 s at 94°C, 30 s at the annealing temperature for each primer and 30 s at 72°C; and, a final extension step of 7 min at 72°C. The PCR products were amplified on agarose and polyacrylamide gels. Loci displaying high levels of polymorphism were then applied to a QIAxcel advanced system (QIAGEN, Hilden, Germany). The total number of alleles, observed heterozygosity, expected heterozygosity, null allele frequency, deviation from Hardy-Weinberg equilibrium, and linkage disequilibrium were calculated using the GENEPOP online package (http://genepop.curtin.edu.au/).
RESULTS
A total of 100 SSR loci were randomly selected for PCR amplification. Of these, 55 were successfully amplified, and 17 SSR loci proved to be highly polymorphic ( Table 2 ). The total number of alleles per locus ranged from 10-20, with an average number of 14.8. The observed and expected heterozygosities ranged from 0.000-1.000 and 0. 
